errorcorrecting code described above needs to be upgraded to a faulttolerant protocol, which allows quantum computations to be performed while keeping the qubits protected against errors.
A quantum computation can be broken down into quantum gates; these are the most elementary computational steps, such as add ing two qubits together. The most straight forward approach to creating faulttolerant quantum gates is called a transversal gate. For such gates, the qubits are quarantined into small groups, and interactions are allowed only within a group. Therefore, errors can be treated before they spread into an epidemic.
Unfortunately, a full quantum computation cannot use only transversal gates 3 -another kind of faulttolerant gate is always needed. The predominant strategy to overcome this limitation is to prepare special quantum states known as magic states 4 , which are 'injected' into the quantum computation to perform the desired gate. This injection procedure can be carried out with a controllable spread of errors, but reliably making a magic state is difficult.
One solution is to make many magic states, some of which will be tainted with errors. Using a procedure called magicstate distilla tion 5 , the states are compared with one another to find a few that are safe to inject into the computation. As one might expect, this pro cedure is extremely inefficient, requiring many attempts at making magic states to obtain even a small number that are almost errorfree. It has been estimated 6 that more than 90% of the resources in a largescale quantum computer would be devoted to magicstate distillation.
Consequently, there have been many efforts in the past five years either to reduce the resources needed for magicstate distil lation or to find alternatives. One approach has been to devise moreefficient procedures for the distillation. There has been some success in this direction 7 , but the process remains resourceintensive, perhaps because we lack a perfect understanding of how and why many magicstate distillation protocols work. Various research groups [8] [9] [10] have also proposed alternative ways of performing non transversal faulttolerant gates, the latest being Yoder and colleagues.
In their work, the authors propose slightly relaxing the quarantine that is used in trans versal gates and allowing the qubits to interact in groups of limited size (Fig. 1) . Of course, this can lead to a small outbreak in which errors propagate within a group of a qubits. However, by keeping track of each group and promptly performing error correction after a potential outbreak, the spread of errors can be limited to make sure that it remains under control. Yoder et al. find that their approach uses half as many qubits as does magicstate distillation -even if failed attempts at distillation are neglected.
But Yoder and collaborators only compare the efficiency of a quantum errorcorrecting code that is mediocre at eliminating errors, and which is therefore not a leading candidate for fault tolerance. The authors show how their construction can be applied to other codes, but not the most advanced ones being studied today 11, 12 . In particular, their protocol involves tracking outbreaks of errors that stem from a single qubit. Future work that uses the most advanced codes will require many outbreaks to be controlled simultaneously, which will proba bly call for a more complicated procedure. Nev ertheless, building a largescale, faulttolerant quantum computer is such a daunting task that every new approach is welcome. ■ 
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Sort of unexpected
To reach the cell surface, membrane proteins are first targeted to an organelle called the endoplasmic reticulum. Several targeting pathways are known, but it now emerges that there is yet another pathway. See Letter p.134
S ecreted proteins and membrane proteins are made and transported to the cell's exterior through what is known as the secretory pathway: a set of linked membrane bound compartments that includes an orga nelle called the endoplasmic reticulum (ER). Protein sorting to the ER has been studied for more than 40 years 1 , and three pathways [2] [3] [4] that transport proteins to the ER have been identified. However, there is still plenty to learn about this process because, on page 134, Aviram et al. 5 report a previously unknown pathway that can target membrane proteins to the ER in the yeast Saccharomyces cerevisiae.
A key step in a protein's entry to the secre tory pathway is the initial sorting process that directs proteins to the ER. The first ERtarget ing mechanism to be identified involved signal sequences 2 -stretches of 6-15 hydro phobic aminoacid residues 6 present at the amino terminus of a protein. Signal sequences are used to direct a protein to the ER, where the sequences are cleaved off. The trans membrane domains of membrane proteins can also function as noncleaved signal sequences.
Signal sequences are recognized and bound by an evolutionarily conserved 7 RNA-protein complex called the signal recognition particle (SRP). SRP is found in the cytoplasm and on the surface of the ER. It also binds to ribo somes 2, 3 , the cellular RNA-protein complexes that translate messenger RNA molecules to synthesize proteins. When SRP recognizes a signal sequence on a protein undergoing trans lation 3 , it targets this protein and the associated ribosomal complex to the ER, where protein translation is completed and the protein is simultaneously transferred into the ER 2, 3 . However, not all signal sequences are recognized by SRP. In yeast, signal sequences with less hydrophobic cores use an SRPinde pendent targeting pathway 4 mediated by the ERmembrane protein Sec62. Unlike the SRP system, which recognizes proteins only while they are being translated, proteins can undergo posttranslational targeting to the ER through the Sec62 pathway. The Sec62 pathway also operates in mammalian cells 8, 9 and is the most common ERtargeting pathway for secre tory proteins shorter than around 100 amino acids 8, 9 , probably because such proteins are released from the ribosome before they can efficiently engage with SRP.
Membrane proteins are targeted to the ER by the SRPtargeting pathway. However, tail anchored membrane proteins (those that have their transmembrane domain at the carboxy terminus of the protein) are released from the ribosome before SRP can engage with them 10, 11 . These membrane proteins are targeted to the ER by a different route, through the action of guided entry of tailanchored (GET) pro teins 10, 11 . Although many tailanchored mem brane proteins fulfil essential functions, yeast GET mutants are not lethal 12 . A lack of GET proteins has only modest effects on the cell, Many proteins seem to use more than one pathway to reach the ER, and such pathway compensation probably explains why the SND dependent pathway remained undiscovered for so long. Aviram and colleagues observed that yeast cells with low SRP levels grow nor mally only if the SND machinery is present, and that inactivating the SND machinery in such a strain is lethal. Conversely, they found that overexpressing SND proteins reverses the severe growth defect that accompanies complete loss of SRP. These data are consist ent with a model in which the SND pathway targets proteins with Nterminal trans membrane domains to the ER when the SRP pathway is not functional.
The SND and GETtargeting pathways also seem to overlap, because Aviram et al. report that inactivating both pathways leads to severely compromised insertion of tailanchor membrane protein into the ER and to lethal ity. Correct ER targeting of proteins is essential because membrane proteins can be toxic if they accumulate within the cell 16 . Having overlap in the ERtargeting pathways might provide added robustness by enabling cells to efficiently target membrane proteins under a wide range of physiological conditions and stresses.
Aviram and colleagues identified a related version of Snd2 in mammalian cells, and it will be interesting to learn whether an SND dependent ERtargeting pathway operates in these cells. The authors' identification of the SNDtargeting pathway adds an additional level of complexity to protein sorting in the secretory pathway, and opens up exciting research avenues for investigating the regu lation of this pathway and its relationship to known ERtargeting mechanisms. ■ Aviram and colleagues investigated ER targeting mechanisms using the yeast Gas1 membrane protein, which moves to the ER in a manner that is SRPindependent and only partially dependent on the GET and Sec62 proteins 13 . The authors used a micro scopy tech nique to monitor the cellular location of Gas1 in some 6,000 yeast strains that have different genetic mutations to identify genes associated with defective ER targeting. As expected, Avi ram et al. found that GET or Sec62 mutations resulted in ERtargeting defects and led to mis targeted Gas1 aggregates in the cytoplasm.
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The authors identified three other mutant yeast strains that also formed Gas1 aggregates owing to defective ER targeting. These mutants did not affect the ER targeting of a protein that is usually sorted through the SRPdependent pathway, and Aviram et al. named the ER targeting components that they identified as SRPindependent targeting (SND) proteins. Snd1 encodes a cytoplasmic protein, and Snd2 and Snd3 encode membrane proteins of the ER.
Ribosomes translating ERtargeted proteins often become associated with the ER mem brane. Therefore, to find which proteins are targeted by the SND pathway, Aviram and col leagues used a ribosomaltagging technique 14 in living cells that enabled them to isolate and purify ERassociated ribosomes and determine the nucleotide sequences of the associated mRNA molecules.
The authors compared the mRNA sequences isolated from wildtype and SNDmutant cells to identify mRNA sequences that associate with the ribosome in an SNDdependent manner. Most of the SNDdependent mRNAs that they found encoded proteins that have a transmembrane domain located away from the N terminus of the protein. By contrast, mRNAs for proteins that had an Nterminal signal sequence or transmembrane domain were associated with ERtagged ribosomes independently of SND.
Aviram et al. report that changing the placement of a transmembrane domain in an ERtargeted membrane protein had a strong effect on whether or not the protein under went SNDdependent ER targeting (Fig. 1) . The authors found that the SND machinery seems to target transmembrane sequences located away from the Nterminal region at the start of a protein sequence, whereas SRP is associated with targeting signal sequences and transmembrane domains at or near the Nterminal region of a protein.
Does the SND machinery preferentially interact with long polypeptide chains as they are being translated, or do short polypeptide chains preferentially bind SRP? Some riboso mal complexes bound to mRNA can recruit SRP before the signal sequence has been trans lated 15 . Gaining a better understanding of the interaction of SRP with the ribosome might provide some answers. One possibility is that SRP has preferential access to ribosomes with growing polypeptide chains while the chains are short, and that this preferential access is lost once the polypeptide chain extends, possibly because of the engagement of other proteins that might bind the ribosome or the polypep tide chain. Proteins reach the cell exterior after moving though the secretory pathway, which comprises a series of membranebound compartments. The first step in the transport of membrane proteins through the secretory pathway occurs when these proteins are targeted to an organelle called the endoplasmic reticulum (ER). a, b, If a membrane protein contains a transmembrane (TM) domain at the amino terminus (a) or in the middle of the protein (b), this TM domain is recognized by the SRP protein during translation of messenger RNA by the ribosomal proteinsynthesis complex. SRP binds the TM domain and targets the protein and ribosomal complex to the ER. c, If a membrane protein contains a TM domain at its carboxy terminus, the protein is bound by a GET protein after translation and targeted to the ER. Aviram et al. 5 identified a previously unknown pathway that uses SND proteins to target membrane proteins that have a TM domain in the middle of the protein (b) to the ER. Filled and dashed arrows indicate the proposed main and secondary pathways, respectively, for targeting a protein to the ER depending on the location of the TM domain in the protein structure. Membrane protein shown in blue, apart from the TM domain which is red.
